Water pollution is a major topic in many fisheries and aquaculture conferences, seminars and workshops as the performance and survival of any fish species depends on its environment. This study was designed to investigate the relationship between physico-chemical parameters of water and growth of Brycinus macrolepidotus in Akomoje water reservoir, South-West, Nigeria. Water parameters were measured using standard methods. Length and weight of sampled fish were also determined to the nearest 0.1 cm/g using standard equipment. Relationship between water features and length, weight was determined by correlation. All data were analyzed using Statistical Package for Social Sciences software. No significant difference (p>0.05) was observed in temperature and dissolved oxygen (28.3 -28.5 o C and 7.6-8.2 mg/l) during the study while pH, transparency, nitrate and phosphate varied significantly. Levels of pH dropped at the peak of the dry months (January) to the onset of the rains (April). Spatial variation in all parameters was not significant (p>0.05). Length and weight were higher during the wet months (29.24-31.16 cm and 625.22-756.18 g) than in the dry months (24.45-28.81 cm and 385.71-639.20 g) with maximum recorded in June. Positive relationship was observed between length, weight and temperature. Conclusively, dissolved oxygen and temperature were within optimum range for fish growth during the study. Transparency, pH, nitrate, and phosphate were influenced by the seasons. Correlation was established between growth and water parameters.
INTRODUCTION
The quality of any water body plays a vital role in biology and physiology of fish species (Mohammed et al., 2016) . Physical, chemical and biological characteristics are some of the basic parameters measured to determine the state of any water body. They include but not limited to all physical (temperature, total suspended solids, depth), chemical (dissolve oxygen, pH, ammonia), and biological (phytoplankton, zooplankton) factors of water which influence growth and survival of the fish in the water and also for other beneficial uses.
Several studies have been carried on the effect of water quality on fish population of various water bodies (Elegbede et al., 2015; Subhendu, 2015) . Possible negative effects of environmental factors such as temperature, dissolve oxygen on reproductive behaviour of fish have also been reported. Issa et al. (2005) researched on the effects of some environmental factors on the fecundity of Tilapia species (Family Cichlidae) in Kigera Reservoir, New Bussa. Moiseenko (2010) reported on the effect of toxic pollution on fish populations and mechanisms for maintaining population size. Other studies include those of Björnsson et al. (2006) on effects of water quality and stocking density on growth performance of juvenile cod ( Gadus morhua L.), Mannan et al. (2012) on growth and production of cultured fish, Makori et al. (2017) on effect of water physical and chemical parameters on growth of Tilapia (Oreochromis niloticus) in culture facility.
The survival, health and growth of this species like every other fish depend on the water quality variables. Water feature et al., 2017) . Environmental stress (low dissolved oxygen, high temperature and high ammonia) have been reported to influence the ability of fish to maintain its internal equilibrium during metabolism and reproduction (Avkhimovich, 2013) .
There are however few or no report on the effect of water parameters on some aspect of the biology of Brycinus macrolepidotus. Also, the physical and chemical features of any water body give the status, productivity and sustainability of such water body (Bhateria and Jain, 2016) . This study was therefore designed to assess the effect of water quality parameters on growth of B. macrolepidotus in Akomoje Water Reservoir, Ogun River, Nigeria.
MATERIALS AND METHODS

Description of study area
The study was carried out in lower River Ogun, Akomoje Water Reervoir, Ogun River, Nigeria. The study area is located in Abeokuta North Local Government, and lies between longitude 3°21ʹE to 5°25ʹE and latitude 7°21ʹE to 8°41ʹN North covering a land mass of 1000 hectares of Abeokuta (Ajiboye et al., 2019) . River Ogun is a perennial river in Nigeria, which has a coordinate of 3°28ʹE and 8°41ʹN from its (Oketola et al., 2006) . The annual rainfall ranges from 900 mm in the north of the river to 200 mm towards the south. Total annual potential evapotranspiration is 1600 mm and 1900 mm. The land coverage is about 230 km 2 . The relief is generally low, with the gradient in the north-south direction (Adeosun et al., 2014) . The water source is from the Igaran hills at an elevation of about 540 m above the sea level and flows directly southward over a distance of 480 km before it discharges into the Lagos Lagoon. The major tributaries of the river are Ofiki and Opeki Rivers (Bhattacharya and Bolaji, 2010) . Akomoje reservoir takes its source of water from River Ogun.
Physical and chemical water parameters of Akomoje water reservoir
Water quality parameters of the reservoir were investigated from three locations which were selected based on proximity to different anthropogenic activities around the reservoir.
Station 1 (Odo Water): It is located downstream of about 1km from the bridge across the reservoir. The station is partially flooded with rocks and the substratum is a mixture of rock stones and sand materials, the human activities going around here is solely fishing and bathing.
Station 2 (Oke Dam): This was located 318.52m away from station 1. It is characterized with much sand sediment. The location is close to the Cocoa plantation along the reservoir.
Station 3 (Odo Onigi): This was located at the fishermen landing site. The station is 442.64m away from station 2 but along the same course and characterized with muddy sediments of decaying organic materials at the bank of the river. Domestic activities ranging from Farming, fishing, bathing, clothes washing, and much lumbering activities occurs regularly in this station.
Water
physical and chemical parameters were measured in-situ and ex-situ on monthly basis during the study period using standard procedure by America Public Health Association (1989) . pH, air temperature (℃), water temperature (℃), d μ / ), d p , d p were conducted in-situ with the use of HANNA instrument (Model HI 9810). Dissolved oxygen (mg/L), nitrate (mg/L), phosphate (mg/L), and salinity ( 0 / 00) were determined ex-situ using standard methods for examination of water (America Public Health Association, 1989 
Collection of fish specimens
Brycinus macrolepidotus were sampled monthly from the Akomoje water reservoir from November 2015 to July 2016. Sampling was carried-out during the day (8 am GMT -1 pm GMT). 838 fish were procured from fishermen at landing sites. Information from the fishermen showed that the fish were caught using various fishing gears including set traps, gill nets (22-70 mm stretched mesh size) and cast nets (10 -12 mm stretched mesh).Samples collected were put in ice chest and transported to the wet laboratory of the Department of Aquaculture and Fisheries Management, Federal University of Agriculture, Abeokuta, Nigeria and preserved at 4 o C for subsequent analysis.
Morphological measurements
Total length (TL) and standard length (SL) were measured using a measuring board. TL was measured from the anterior tip of the fish against a stop at the beginning of the measuring board with its mouth closed to the tip of the caudal fin. SL was taken as the g p ' caudal peduncle. All length measurement was to the nearest 0.1 centimeter. The body weight was measured using a digital electronic weighing balance (Adam AFP 4100L). This was read to the nearest 0.1 gram.
Statistical analysis
Data for water quality parameters were analyzed using descriptive (mean, standard deviation and percentage), and Inferential statistics (analysis of variance, Duncan multiple range test and student t-test). The relationship between water parameters and length and weight were determined by simple linear relationship using Statistical Package for Social Sciences (SPSS) software Gradpack version 20.0
RESULTS
Water quality parameters of Akomoje water reservoir, Abeokuta, Ogun State
Monthly variations were observed in all water quality parameters measured during the study as presented in Figures 1-9 in all locations. No significant difference was observed in temperature and dissolved oxygen (p>0.05) during the study. Significant variation (p<0.05) was observed in pH, transparency, nitrate and phosphate. Levels of pH were observed to drop at the peak of the dry months (January) to the onset of the rains (April) as shown in Table 1 . Temperature ranged from 28.1 -29.2 in the various stations, DO and pH ranges were 8.0 -9-3 and 6.1 -6.9 respectively. No significant difference (p>0.05) was recorded in all the measured parameters in all study locations as revealed in Table 2 .
Length
and weight of Brycinus macrolepidotus from the study area Table 3 shows the mean length and weight of the fish species. Higher growth in length and weight was recorded in the wet months than in the dry months with maximum length and weight recorded in the month of June for males, females and combined sexes. Mean total length for male species ranged from 24.29 -31.38 cm while for females range was from 24.55 -30.53 cm. Body weight of the fish specimen for males ranged from 384.79 -786.2 g and for females, range was from 387.09 -727.37 g.
Correlation between Brycinus macrolepidotus growth (weight and length) and physico-chemical parameters
Strong positive relationship was observed between water temperature, electrical conductivity, salinity and transparency, and fish weight and length in the month of June. Dissolved oxygen, nitrate and phosphate showed negative correlation with fish weight and length in virtually all the months of the study as shown in Table 4 . 
DISCUSSION
The physical and chemical features of Akomoje water reservoir, Ogun State, Nigeria showed spatial and temporal variations during the study, which might be associated with patterns of water use and rainfall (Ayoade et al., 2006) . These interactions were however minimal especially with the levels of water temperature, and dissolved oxygen at the different study locations and in all months of the study. The result obtained for all the parameters at the three stations indicated a direct proportionate relationship in the values.
Temperature range reported during the study and in all the locations was within the range reported for the species (Paugy and Schaefer, 2007) for optimum growth and reproduction, indicating no spatial or temporal variations in the study area. This might be due to constant water flows or currents in the reservoir channel that helped to distribute the heat energy absorbed at the water surface more or less uniformly in the river. Water temperature is one of the most important physical parameters of aquatic systems (Kamal et al., 2007) . It is the most important regulators of life processes in aquatic ecosystems (Federal Office for the Environment, 2011) as it affects growth, nutrition, reproduction and metabolism. Temperature is clearly the dominant feature and is correlated with winter but the growth rate coincides with a drop in temperature. Temperature also influences the rate of photosynthesis by algae and aquatic plants. As water temperature rises, the rate of photosynthesis increases thereby providing adequate amounts of nutrients (Boulton, 2012) . The temperature variation recorded during the study was optimum for normal growth and survival of aquatic organisms which ranged between 28.0 -29.5 ℃ for tropical fish (Eniade and Bello-Olusoji, 2011) . This result was similar to that of Adeosun et al. (2014) who reported a range of 27.5 ℃-30.5 ℃ for lower Ogun River, Akomoje, Ogun State, Nigeria.
The pH of the study area did not vary significantly among the stations and ranged between 6.10 and 6.90 indicating that the reservoir water was nearly neutral which agreed with earlier studies in savannah rivers (Bouillon et al., 2014) . Significant variation observed between the peak of the dry months and the wet months gave an indication of increased levels of hydrogen ions in the study area during the dry months. No relationship was however reported for pH and temperature in this study as opposed to the documented fact that increased in temperature result to decrease in pH levels (Wang and Jackson, 2016) . pH less than 5.5 was reported to limit the growth and reproduction of fish (Crane, 2006) . He however stated that pH range ideal for freshwater fish should range from 6.5 -7.0, though other literatures documented pH range of 6.5 to 9.0 as recommended for the survival and reproduction of fish (Abu Hena et al., 2011) .
Water transparency depends on the amount of particles in the water. These particles can be algae or sediment from erosion. Increase in particles would lead to low water transparency and vice versa. Temporal variation in transparency with low values in the dry months was recorded during the study. The higher dry season secchi-disc transparency mean value compared with that of the wet season could be due to absence of floodwater, surface run-offs and settling effect of suspended materials that followed the cessation of rainfall. Zhong et al. (2017) also observed that onset of rain decreased the secchi-disc visibility in a typical Karst River. Wetzel (2001) reported that photosynthesis activities increased with increase in transparency. The lower transparency of the reservoir water in April-July was primarily due to the runoffs of sediment laden rain water into the reservoir, and also due to the increase in phytoplankton density in the reservoir. This finding also corroborated that reported by Ayoola and Ajani (2009) who reported more turbid water during the wet months.
The dissolved oxygen value for the reservoir was high during the study months which could be due to chemical and biological oxidation process at the locations. Temporal and spatial variations in dissolved oxygen were observed during the study. Monthly DO levels were highest in the wet months than in the dry months. This could be attributed to decrease water temperature during the wet months. This was however not the case with the study of Munoz et al. (2015) who reported higher DO concentration in the dry months than during the wet months. The dissimilarity between these findings could be due to the different climatic conditions prevalent in the study locations. Dissolved oxygen levels in the study area were found to be higher in the Station 1, followed by Station 3 in the reservoir. This finding probably indicated that vegetation cover on the water surface reduces dissolved oxygen levels possibly through reducing surface aeration and wave actions that could facilitate rapid absorption of atmospheric air into the water and this agreed with the study of Welcomme (1985) who documented that vegetation cover on a water surface reduced dissolved oxygen. The dissolved oxygen levels observed in all the stations could also be attributed to differences in the water currents; water depths and vegetation cover characteristics of the various stations.
The total length ranges recorded for members of the Brycinus family in White Volta River was 6.5-7.5 cm (Abobi and Ekau, 2013; Olalekan et al., 2015) , River Jamieson 9.6-26.1 cm (Ikomi and Sikoki, 2003) , 12-23 cm in Asa reservoir (Saliu, 2002) . However, larger sizes of B. macrolepidotus were obtained during this study when compared with that of other Brycinus species from other water bodies. Increased in mean length and weight of the species was recorded in the onset of the rains to the peak of the wet months. This could be attributed to increase in fish food influx into the study location during the wet months (Olapade and Tarawallie, 2014) . Abundant feeding during the high water and fasting during low water is, perhaps, not as simple as it appears but was in agreement with the findings of Willoughby and Tweddle (1978) .
Strong positive correlation between temperature and fish growth in some of the months during the study support earlier studies on the effect of temperature on growth. According to Makori et al. (2017) , temperature showed strong positive correlation with mean length and weight of Oreochromis niloticus in earthen ponds. This is so because increase in water temperature gives rise to a corresponding increase in the rate of photosynthesis thereby resulting in increase of adequate amounts of nutrients and food in the water body (Boulton, 2012) . This finding also agreed with the findings of Kausar and Salim (2006) . However, strong negative correlation between temperature and fish growth obtained especially in January and February did not follow the documented relationship between growth and temperature. This finding also corroborated the findings of Suja et al. (2009) . Reasons for this negative correlation though not clear but could be due to other factors affecting fish growth such as reproduction and population density. Negative correlation was obtained in both the dry and wet months of the study between dissolved oxygen and mean length and weight of Brycinus macrolepidotus. This did not corroborate with past research on the correlation between dissolved oxygen levels and mean fish weight and length reported by Makori et al. (2017) for O. niloticus. According to Mallya (2007) , increased in DO levels led to a corresponding increase in specific growth rate (SGR), feed conversion rate (FCR) and fish growth. Correlation between pH and growth was positive in the dry months indicating that increased pH would lead to corresponding increase in growth but this was not the case in the peak of the wet months implying that increased in pH could lead to decrease growth of the species. Reasons were not clear as the study of Sagar et al. (2012) showed that low pH would make fish to lose their appetite and thus growth capacity. Relationship between transparency and growth in both dry (November-January) and wet months (April-July) affirmed that the higher the transparency, the higher the process of primary production resulting to availability of food in the water body. During the wet season, transparency of the water was observed to be low due to turbulence and high turbidity corresponding to low primary productivity. This is so because turbidity leads to reduced light penetration, which in turn resulted to reduced photosynthesis and primary productivity (Ufodike et al., 2001) . However growth of the species was higher in these wet months than in the dry months.
Conclusion
In conclusion, dissolved oxygen and temperature in Akomoje reservoir were within optimum range for fish growth and survival during the study. Transparency, pH, nitrate, and phosphate were influenced by the season. High growth was observed in the wet months compared to the dry months. Correlation was established between growth and water parameters. Findings from this study could be used for the management of this fish species and in taking management decision for its fisheries sustenance.
